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(54) Washing machine with a continous water level sensor 



(57) A washing machine having a continuous water 
level (OWL) sensor connected to a microprocessor 
comprises a comparator which compares the value from 
the CWL sensor with a predetermined threshold value, 



such comparator acting independently and/or in parallel 
with the microprocessor. In case of total or partial failure 
of the microprocessor, the above system guarantees 
that the water level in the tub does not go under or upper 
the minimum and maximum value respectively. 
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Description 

[0001] The present invention relates to a washing ma- 
chine having a continuous water level (CWL) sensor 
connected to a control unit including a microprocessor, s 
With the temi "washing machine" we mean all kinds of 
domestic appliances for washing laundry and for wash- 
ing dishes as well. As fares laundry-washing appliances 
are concemed, the present invention can be used for 
horizontal, vertical and tilted axes machines. 
[0002] Modern washing machines use a CWL sensor 
that is able to monitor continuously the water level Inside 
the tub. 

[0003] CWL is a sensor able to convert the pressure 
applied to the sensor (that is proportional to the water 
level in the tub) into an electrical signal. There are few 
different types of CWL. Today the most common type is 
piezoresistive pressure transducer, membrane dis- 
placement sensor and inductive displacement device. 
[0004] The piezoresistive pressure transducers are 
for instance produced and sold by Motorola, Honeywell, 
Sensym, and they are designed for wide applications. 
This kind of sensor combines a sensitive Implanted 
strain gauge with advanced bulk micromachine tech< 
nique, thin film metalisation and bipolar processing in 
order to provide an accurate high level analog output 
(voltage) that It is proportional to the applied pressure. 
[0005] Membrane displacement sensors are pro- 
duced for instance by Huba. This kind of CWL sensor is 
conceived as a low cost device for domestic appliances 
(particularly dishwashers). It is a displacement device 
where the deflection of a rubber membrane which re- 
sults from the pressure acting on it, it is measured by a 
piezoresistive force sensor (Wheatstone bridge) ob- 
tained above an alumina substrate (by "Thick Film" tech- 
nology) and on the same substrate the signal condition- 
ing interface is also realized (by SMD technique). The 
sensor is temperature compensated and amplified for 
providing an analog voltage output. 
[0006] Inductive displacement sensor are produced 
for instance by ELBI / Bitron. This kind of sensor is con- 
ceived as a low cost device for domestic appliances. It 
Is an inductive displacement device (sensitive devise) 
using an inductance coil circuit measuring the deflection 
of the rubber membrane (by a metal pivot connected 
with the rubber membrane), that results firom the pres- 
sure acting upon it. 

[0007] The above known sensors combine a sensitive 
device with a microprocessor integrated in the same 
package to provide an accurate high level analog output 
that it Is proportional to the applied pressure. The CWL 
sensor can be provided with the following different out- 
put types or it can be provided with multiple type of out- 
put: frequency, analog voltage output, PWM (pulse 
width modulation). 

[0008] Washing machines are usually provided with 
electrical heater for heating tap water loaded in the ma- 
chine in order to Improve washing results. Such heaters 
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(electrical resistances) are designed for working in a ful- 
ly submerged condition. The demand of water saving 
(as a consequence of energy saving) has prompted ap- 
pliance producers to design washing machines which 
use a reduced amount of water in each washing cycle. 
This water reduction increases the risk of heater failure, 
I.e. a damage to the heater which can also cause risk of 
fire. It is well known in the art that a heater failure occurs 
when the water in the tub or in the water circuit of the 
washing machine decreases under a certain level. 
When the water decreases under a certain level the 
heater becomes totally or partially dry and, as a conse- 
quence, Inside the heater the temperature increases 
rapidly and the life of the heater Is dramatically reduced. 
[0009] Another risky situation can occur when the wa- 
ter level in the tub Increases above a certain level. This 
situation is known as "overflow" and it can cause a spill- 
ing of water outside the washing machine. 
[001 0] Normally in a washing machine the heater and 
the discharge pump are operated by the control unit of 
the machine to which dedicated pressure switches (of 
the type on/off and calibrated for certain fixed levels of 
water) are connected. 

[0011] The control unit of washing machine using a 
continues water level (CWL) sensor comprises usually 
a microprocessor or equivalent control system electron- 
ic device that is connected with the CWL sensor in order 
to allow the control unit to use the correct amount of wa- 
ter and consequently to achieve better performances 
and to optimize energy consumption. 
[0012] The use of a continuous water level sensor in 
combination with pressure switches (which provide for 
Instance signals as far as minimum and maximum water 
levels are concerned) is certainly preferable from the 
point of view of safety, but it is quite expensive. For cost 
reasons it is preferred to use only one technology, i.e. a 
technology based on pressure switches only or a tech- 
nology based on a CWL sensor only. 
[0013] In the case a CWL sensor is used, the control 
unit is not 100% safe since its microprocessor, in case 
of total or partial failure, cannot guarantee that the water 
level does not go under or upper the minimum and max- 
imum value respectively. 

[0014] The main object of the present Invention Is to 
provide a washing machine that can operate the heater 
independently from the microprocessor of the control 
unit in order to guarantee the heater reliability and safe- 
ty. Another object of the present invention Is to provide 
a washing machine that can operate the discharge 
pump independently from the microprocessor in order 
to prevent water overflow. 

[0015] According to the invention, such problem is 
solved thanks to the features reported in the appended 
claim. 

[0016] In order to guarantee a certain performance 
the applicant has developed a technical solution for 
washing machines using a CWL sensor able to guaran- 
tee also the reliability of the heater and to prevent the 
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overflow in case a fault of the control unit or its micro- 
processor occurs. 

[001 7] The invention will be described below, with ref- 
erence to the attached drawing, in which: 

- figure 1 shows schematically a block diagram of a 
portion of the control circuit of a washing machine 
using a CWL sensor, in which the CWL sensor has 
one analogue output; 

figure 2 shows a block diagram according to a sec- 
ond embodiment of the invention, in which the CWL 
sensor has a PWM or square-wave output and an 
analogue output; 

figure 3 shows a block diagram according to a third 
embodiment of the invention, in which the CWL sen- 
sor has only a square-wave PWM output; 
figure 4 shows a block diagram according to a fourth 
embodiment of the invention, in which the CWL sen- 
sor has a square-wave frequency output 
figure 5 shows an electronic circuit according to the 
invention and used to operate the drivers for the 
electrical heater and for the discharge pump; and 
figure 6 shows the output characteristic of a typical 
CWL sensor, which is able to provide an analogue 
voltage output proportional to the applied pressure. 

[0018] According to the present invention, a CWL 
sensor 10 is normally operated with pipeline connection 
that it is connected with air trap device (not shown) that 
it is connected with the tub (not shown). The CWL sen- 
sor 10 can be assembled in order to be in direct contact 
with the media (water) without any pipeline. CWL sensor 
can be also assembled directly on the printed circuit 
board (PCB) to reduce the hamess cost, and it can be 
of a very simple type (basic pressure transducer) where 
an addition amplifier is required to be operated by the 
microprocessor and comparators. 
[0019] According to the invention, the simple and low 
cost electronic circuit connected to the CWL sensor 10 
and to the microprocessor 12 is able to operate directly 
the drivers of the heater and of the discharge pump even 
if a microprocessor fault occurs. 
[0020] With reference to figure 1, the control circuit 
comprises two comparators, respectively 14 and 16, 
with fixed thresholds acting independently and in paral- 
lel with the microprocessor 12. The voltage output 10a 
of the CWL sensor 10 connected with the microproces- 
sor 12 is connected in parallel with the two comparators 
14 and 16. The comparator outputs 14a and 16a are 
able to operate independently or in parallel with the mi- 
croprocessor 12. Therefore, in case of failure of the mi- 
croprocessor 12, the comparators 14 and 16 can drive 
the heater and/or the discharge pump independently 
from the microprocessor. The first comparator 14 com- 
pares the output value 10a of the CWL sensor 10 with 
a fixed threshold 14b related to a minimum water level 
for a safe function of the heater. 
[0021] The second comparator 1 6 compares the out- 



put value 1 0a of the CWL sensor 1 0 with a fixed thresh- 
old 16b related to a maximum water level above which 
the discharge pump is switched on. The fixed thresholds 
(voltage references) are characteristics of each washing 
machine. 

[0022] Figure 2, in which for the same or similar com- 
ponents the same reference numerals are used, shows 
the control circuit where the continuous water level sen- 
sor 10 has two outputs. In addition to the analogue out- 
put 10a, a square-wave output 10b is directly connected 
to the microprocessor 12 by pulsed width modulation 
PWM digital output signal (typically a timer event coun- 
ter). The second output 10a is, as in the embodiment of 
figure 1 , an analog output (voltage) connected to the 
comparators 14 and 16. 

[0023] Figure 3 shows a block diagram similar to fig- 
ure 1 where the continuous control of the water level 
through the CWL sensor is performed with a single out- 
put. A square-wave PWM output 10b of the sensor 10 
is directly connected to the microprocessor 12 by PWM 
digital output and this signal is integrated by means of 
a resistor and a capacitor 22 which together perfonn the 
function of an integrator 24 in order to obtain analog sig- 
nal 26 (voltage) to be connected with the comparators 
14 and 16. This solution is normally used with PWM sig- 
nals or could be used with high frequency signals. 
[0024] Figure 4 shows a block diagram similar to fig- 
ure 3 where the continuous control of the water level 
through the CWL sensor is performed with a single out- 
put A square-wave frequency output 1 0b is directly con- 
nected to the microprocessor digital input and this signal 
is also connected with a device 28 usually called fre- 
quency to voltage converter (for example a component 
known with the name LM2907 manufactured by Nation- 
al Semiconductor). This electronic component 28 is able 
to provide a voltage signal proportional to the input fre- 
quency. This voltage output signal is connected with the 
comparators 14 and 16. 

[0025] Figure 5 shows an example of the electronic 
circuit used to operate the driver for the heater and for 
the pump. It Is based on dual voltage comparators using 
the LM393 component that it is an 8-pin integrated cir- 
cuit and it is a very popular component with inside two 
open collector comparators that Is sensible to the ap- 
plied input voltage. 

[0026] The first comparator (component LM 393 U1 A 
in figures) Is used for checking the "Level 0". A fixed 
voltage is established by a voltage divider connected to 
the inverter (-) inputs. When the voltage coming from 
the continues water level (CWL) sensor, that it is con- 
nected with the non inverting comparator (+) Input, is 
under the fixed voltage value applied on the inverter in- 
put, the output of the comparator is low, and this means 
that the output voltage is equivalent to the GND. 
[0027] In the case the voltage coming firom the con- 
tinuous water level (CWL) sensor increases its value 
and this voltage value is above the fixed reference volt- 
age, an output comparator commutation is expected. In 
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fact the output switches to high, and this means that the 
output voltage is equivalent to the VCC voltage. This in- 
formation is able to operate directly the heater relay 
(heater is switched off) independently from the decision 
taken by the microprocessor. 

[0028] The second comparator (LM 393 U1 B in figure 
5) is used for checking the condition of "Overflow". The 
above behavior of the component LM 393 U1A is sub- 
stantially identical for the LM 393 U1B component that 
is used to operate the discharge pump driver. The only 
difference is the required different reference fixed volt- 
age value, obtained by the voltage divider, connected to 
the inverter (-) inputs of the comparator. This reference 
voltage value has to be higher than the previous refer- 
ence voltage value applied to the inverter input of the 
LM 393 U1 A comparator. 

[0029] Even if in the present description reference is 
made to certain specific water level values, on the same 
basic principle other defined water levels could be de- 
fined and used different from a water level linked to a 
safe function of the heater and to a water overflow pre- 
vention. 



Claims 

1. Washing machine having a continuous water level 
(CWL) sensor connected to a control unit including 
a microprocessor or the like, characterized in that 
the control unit comprises comparator means suit- 
able for comparing the value from the CWL sensor 
with a predetermined threshold value, such compa- 
rator means acting independently and/or in parallel 
with the microprocessor. 

2. Washing machine according to claim 1 , comprising 
a water heater, characterized in that said compa- 
rator means comprises a comparator suitable for 
comparing the value of the CWL sensor with a 
threshold value indicative of a condition in which the 
water heater is submerged and for driving the water 
heater only if the value from the CWL sensor Is high- 
er than the threshold value. 

3. Washing machine according to claim 1 , comprising 
a discharge pump, characterized in that said com- 
parator means comprises a comparator suitable for 
comparing the value of the CWL sensor with a 
threshold value indicative of a water overflow and 
for driving the discharge pump if the value from the 
CWL sensor is higher than the threshold value. 

4. Washing machine according to claims 2 and 3, 
characterized in that said comparator means com- 
prises a first comparator suitable for comparing the 
value of the CWL sensor with a first threshold value 
indicative of a condition in which the water heater 
is submerged and for driving the water heater only 
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if the value from the CWL sensor is higher than the 
first threshold value, and a second comparator suit- 
able for comparing the value of the CWL sensor with 
a second threshold value indicative of a water over- 
5 flow and for driving the discharge pump if the value 
from the CWL sensor is higher than the second 
threshold value. 

5. Washing machine according to claim 4, character- 
10 ized in that the CWL sensor has an analogue out- 
put. 

6. Washing machine according to claim 5, character- 
ized In that the analogue output is connected to the 

15 microprocessor through three parallel connections, 
the first one being a direct connection, the other two 
Including the interposition of the first and of the sec- 
ond comparator. 

20 7. Washing machine according to claim 4, character- 
ized in that the CWL sensor has a PWM or square- 
wave output. 

8. Washing machine according to claim 7, character- 
's ized In that the PWM or square-wave output is con- 
nected to the microprocessor through three parallel 
connections, the first one being a direct connection, 
the other two including the interposition of the first 
and of the second comparator and of a integrator 

30 device between the CWL sensor and the two com- 
parators. 

9. Washing machine according to claim 4, character- 
ized in that the CWL sensor has two output, a first 

35 one being a PWM or square-wave output connected 
directly to the microprocessor, a second one being 
an analogue output connected indirectly to the mi- 
croprocessor with the interposition of the compara- 
tors. 

40 

10. Washing machine according to claim 4, character- 
ized in that the CWL sensor has a square-wave 
frequency output. 

45 11. Washing machine according to claim 10, charac- 
terized In that the square-wave frequency output 
is connected to the microprocessor through three 
parallel connections, the first one being a direct con- 
nection, the other two Including the interposition of 

50 the first and of the second comparator and of a fre- 
quency to voltage converter between the CWL sen- 
sor and the two comparators. 

12. Washing machine according to any of the preceding 
55 claims, characterized in that the CWL sensor is a 
device able to convert the water level into an elec- 
trical signal. 
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